Peanut allergy is a significant health problem because of the frequency, the potential severity, and the chronicity of the allergic sensitivity. Serum IgE from patients with documented peanut hypersensitivity reactions and a peanut cDNA expression library were used to identify clones that encode peanut allergens. One of the major peanut allergens, Ara h I, was selected from these clones using Ara h I specific oligonucleotides and polymerase chain reaction technology. The Ara h I clone identified a 2.3-kb mRNA species on a Northern blot containing peanut poly (A)+ RNA. DNA sequence analysis of the cloned inserts revealed that the Ara h I allergen has significant homology with the vicilin seed storage protein family found in most higher plants. The isolation of the Ara h I clones allowed the synthesis of this protein in E. coli cells and subsequent recognition of this recombinant protein in immunoblot analysis using serum IgE from patients with peanut hypersensitivity. With the production of the recombinant peanut protein it will now be possible to address the pathophysiologic and immunologic mechanisms regarding peanut hypersensitivity reactions specifically and food hypersensitivity in general. (J. Clin. Invest. 1995Invest. . 96:1715Invest. -1721
Introduction
Peanut allergy is a significant health problem because of the potential severity of the allergic reaction, the chronicity of the allergic sensitivity, and the ubiquity of peanut products. Peanuts, fish, tree nuts, and shellfish account for the majority of food hypersensitivity reactions in adults, while peanuts, milk, and eggs cause > 80% of food hypersensitivity reactions in children ( 1, 2) . Peanut hypersensitivity reactions often tend to be quite severe in nature, sometimes resulting in episodes of fatal anaphylaxis (3, 4) . Unlike the food hypersensitivity reactions to milk and eggs, peanut hypersensitivity reactions usually persist into adulthood and last for a lifetime (5) . Despite the significant prevalence of peanut hypersensitivity reactions and several fatalities annually, the identification of the clinically relevant anti-gens and an understanding of the immunobiology of peanut hypersensitivity is just beginning (6) .
Recently a number of allergens have been identified which stimulate IgE production and cause IgE mediated disease (7) . The identification and purification of these allergens is essential for the immunological studies necessary to understand their role in stimulating IgE antibody formation. Significant information now exists on the identification and purification of inhaled allergens from pollens, dust mites, animal danders, insects, and fungi (7) . By comparison, few food allergens known to cause IgEmediated reactions have been similarly identified and purified (8) (9) (10) .
Recombinant methodology to clone allergens provides an efficient means of producing pure polypeptides which, in their native source, form complex mixtures and are often represented in only very small amounts. Several inhaled allergens have been cloned, including the allergens of house dust mites ( 11 ) and pollen grains (12) , in comparison little work has been directed toward producing recombinant food allergens.
Because of the prevalence and severity of peanut hypersensitivity reactions in both children and adults, coupled with the recent identification of two major peanut allergens that are involved in this process (6, 13) , we set out to clone and characterize the Ara h I peanut allergen. In this communication we report the isolation and characterization of the Ara h I mRNA and the identification of this allergen as belonging to the vicilin seed storage protein family. In addition, this recombinant allergen can be produced in E. coli cells and is recognized by serum IgE from patients with documented peanut hypersensitivity reactions.
Methods
Patients. Serum from eighteen patients with documented peanut hypersensitivity (mean age, 25 yr) was used to identify peanut allergens. Each of these individuals had a positive immediate prick skin test to peanut and either a positive double blind, placebo controlled, food challenge (DBPCFC) or a convincing history of peanut anaphylaxis (laryngeal edema, severe wheezing, and/or hypotension). One individual with elevated serum IgE levels (who did not have peanut specific IgE or peanut hypersensitivity) was used as a control in these studies. Details of the challenge procedure and interpretation have been discussed previously (6) . At least five mis of venous blood were drawn from each patient and allowed to clot, and the serum was collected. All studies were approved by the Human Use Advisory Committee at the University of Arkansas for Medical Sciences.
Isolation and amino acid sequence analysis ofpeanut allergen Ara h I. Ara h I was purified to near homogeneity from whole peanut extracts according to the methods of Burks et al (6) . (20) . The blots were incubated with antibodies diluted in a solution containing TBS and 1% bovine serum albumin for 
The amino acid sequence of three tryptic peptides derived from purified Ara h protein was determined. The sequence is shown as the one letter amino acid code.
at least 12 h at 40C or for 2 h at room temperature. Detection of the primary antibody was with '251I-labeled anti-IgE antibody.
Results
Isolation and partial amino acid sequence determination of peptides derived from the Ara h I protein. Purified Ara h I protein was treated with trypsin and the peptide products separated from one another by high performance liquid chromatography. Three peptide fractions, selected on the basis of their separation from each other and other fractions in the mix, were used for amino acid sequence determination. During the course of sequencing it was noted that fraction I and III consisted of a single peptide species (peptide I and peptide III, respectively). Fraction II consisted of one major peptide (peptide II) with numerous minor peptide contaminants which complicated sequence determination. However, it was possible to determine the first 16 residues of the major peptide in fraction I and II and the first 10 residues of the major peptide in fraction III. The amino acid sequence determined for each peptide is noted in Table I . Isolation of clones that produce antigens recognized by peanut-specific IgE from patients with peanut hypersensitivity. RNA isolated from the peanut species, Arachis hypogaea (Florunner) was used to construct an expression library for screening with serum IgE from patients with peanut hypersensitivity. Numerous IgE-binding clones were isolated from this library after screening 106 clones with serum IgE from a pool of patients with reactivity to most peanut allergens by western blot analysis. Since the number of plaques reacting with serum IgE was too large to study all in detail we randomly selected a small portion of the positive plaques for further purification. Phage positive for IgE binding were plaque purified to homogeneity and then tested for their ability to react with serum IgE collected from a patient without peanut hypersensitivity. All oligo dT stretch as the second primer a portion of the mRNA sequence that encodes this protein was amplified from peanut cDNA. This 400-bp DNA fragment was subsequently cloned and sequenced by the Sanger dideoxy (18) method. DNA sequence analysis revealed that the 400-bp DNA fragment contained a poly A stretch on one end and the Ara h I specific nucleotide sequence on the other end. In addition, this clone contained nucleotide sequence correctly encoding the remaining carboxy terminal portion of peptide I. Thus, an Ara h I specific clone has been isolated and it can be used as a hybridization probe to identify which of the many IgE positive clones selected encodes the Ara h I allergen.
We hybridized a Southern blot containing four of the IgE selected cloned DNAs with a 32P-labeled, Ara h I PCR amplification product to determine which of the isolated clones encoded the Ara h I peanut allergen. All of the clones were positive for hybridization with this probe. In addition we screened 200,000 clones from the peanut cDNA library using 32P-labeled Ara h I clone as a probe. From this screen, over 100 Ara h I positive clones were identified (data not shown). These results indicate that the mRNA encoding the Ara h I allergen is an abundant message within this library.
To determine what size mRNA these clones identify, 32p_ labeled insert from one of the largest cDNA clones (41B) was used as a hybridization probe of a Northern blot containing peanut poly(A)+ RNA (Fig. 1) (22) and a single glycosylation addition site (NAS) at amino acid position 521-523. These data confirm and extend our conclusion that these clones encode the Ara h I allergen.
A search of the GenBank database revealed significant sequence homology between the Ara h I cDNA clones and a class of seed storage proteins called vicilins. There was 60-65% homology over > 750 bases when the Ara h I DNA sequences were compared with the broad bean and pea vicilins (Table II) . These results indicate that the Ara h I allergen belongs to a vicilin-like multi-gene family encoding very similar but not identical proteins.
Recognition of recombinant Ara h I by patient sera in an IgE immunoblot assay. IgE immunoblot analysis was initially performed using serum IgE from a pool of patients with peanut hypersensitivity to determine the molecular weight of the recombinant protein and the specificity of the IgE recognition reaction. Fig. 3 (lanes A and B) shows that the IgE pool recognized whole peanut extract and purified native Ara h I protein as expected, but did not react with any proteins from an E. coli lysate that was prepared from cells carrying vector alone (Fig.  3, lane E) . However, instead of the IgE pool recognizing a 68-kD protein produced from clone P17, an unexpectedly small protein was identified (Fig. 3, lane C) . On further analysis, we noted that by eliminating the first 93 bases (31 amino acids, 5% of Ara h I) of this clone we could produce full length Ara h I protein (68 kD) with numerous truncated products that migrated as smaller IgE reactive peptides (Fig. 3, lane D) . The presence of truncated Ara h I products could be the result of inefficient translation of the amino terminal portion of this protein (23, 24) caused by rare codons, numerous cysteine residues, or secondary structure of the mRNA. Fig. 4 (Fig. 4 , lower panel, lanes A-F) also showed high immunoreactivity with recombinant Ara h I protein (Fig. 4, upper panel, lanes A-F) . Patients who had low levels of IgE which bound native allergen (Fig. 4 , lower panel, lanes L-R) showed low reactivity with the recombinant protein (Fig. 4, upper panel, lanes L-R) . One peanut sensitive individual (lane K) who had serum specific IgE to native Ara h I had no detectable IgE which recognized the recombinant protein (Fig. 4, upper panel, lane K) . The differences we have noted between peanut hypersensitive patients could be due to the amount of peanut-specific IgE in individual patients, differ- nylation signal (AATAAA). Bold amino acid residues are those areas which correspond to the determined amino acid sequence of peptides I, II, and III of Ara h I (Table I ). The numbers on the left of the figure indicate the nucleotide sequence, and those on the right correspond to the deduced amino acid sequence. These sequence data are available from GenBank under accession number L34402. The Wisconsin DNA analysis software package was used to search for homology between the Ara h I nucleotide sequence and any DNA sequence contained in the data base. Significant homology was observed between Ara h I and the plant vicilins.
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ences in affinity of patient-specific IgE for peanut, or that some patients recognize only certain peanut proteins.
Discussion
Peanuts are one of the most allergenic foods (25) . Sensitive individuals may experience symptoms ranging from urticaria to anaphylaxis (25) . Multiple cases of fatal anaphylaxis have been reported (4) . Peanut sensitivity appears early in life and often persists indefinitely. Because of the significance of the allergic reaction and the widening use of peanuts as protein extenders in processed foods, the risk to the peanut-sensitive individual is increasing.
Various studies over the last several years have examined the nature and location of the multiple allergens in peanuts (26) . Taylor et al. demonstrated that the allergenic portion of peanuts was in the protein portion of the cotyledon (27) . Our laboratory recently identified two major allergens from peanut extracts, designated Ara h 1 (6) and Ara h 11 ( 13) . Greater than 90% of our patients who were challenge positive to peanut had specific IgE to these proteins.
The (33) , and one of the ragweed allergens Amb a II (34) . Similar work with foods has identified the major allergen in shrimp as a 34-kD heat-stable protein that has > 85% homology with tropomyosin for Drosophila melanogaster (35) . Additionally, two different cDNA clones have been isolated in maize that share significant homology to several flower-expressed gene products, including short ragweed (36). Recent work by Valenta et al. (37, 38) has shown that plant profilins are prominent allergens that can be isolated from pollens of birch, grass, and weeds. There has now been isolated a wheat profilin by cDNA cloning that appears to be a major food allergen (39) .
The information we have gathered about the peanut Ara h I allergen and the recent identification of other recombinant food allergens should allow our understanding of the pathophysiologic and immunologic mechanisms involved in food hypersensitivity reactions to move forward. Future studies with the recombinant peanut allergens will allow a better understanding of the relevant allergens in peanuts, the human immune response involved in this hypersensitivity reaction, and the possible diagnostic and therapeutic capabilities of recombinant food allergens.
